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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

STALLING CHARACTERISTICS OF THE SUPERMARINE
SPITFIRE VA AIRPLANE

By J. R. Vensol and W. H, Phillips
SUMMARY

An investigation of the stalling characteristics of
the Supermarine Spitiire was made as part of the flyving=-
gunlitiss measuvrements of this sirplane. The results of
the tests nre presented as time histories of the motions
of the airplane and the controls during stalls in various

concitions of flight.

The Spitfire poscessed good stall warning in the form
of buffeting. Very litile stick travel wns required to
reaclh ths etart of the stall fiow breakdown, but the stigk
could be meved well back before lateral instability oc-
curved. '

The riotion of the Spitfire in stalls was not violent:
in slow angle-nf-attack changss or in steeply banked turns,
the nose tended to ease down at the start of the stall and,
even beyond maximum Lift, no violent motions ocecurred. In
stecply banked turns with the gun ports open, howsver, une
controllable roiling instability was noted after an unsise
takable warning in the form of buffeting occurred.

The maximum 1ift coefficients obtained in all condi-
tions of flight were considerably lower than are normally
reached by airplanss of comparable type.

INTRODUCTION

The stalling characteristics described in this report
were determined as part of a program covering the_flying=-
qualities tests made on the Supermarine Spitfire VA air-
plane ot the request of the Army Air Forces, Materiel Divie
sion.s The stalling characteristics were studied more thor-
oughly than usual because they were considered to be more



desirable in some respects than those of any of the pursuit-
type airplanes formerly tested in a similar manner. This
paper was originally issued as a memorandum report to the
Materiel Division, Army Air Forces.

APPARATUS AND TESTS

The Supermarine Spitfire is a single-engine, single-
place, low-wing cantilever moncplane with retractable
landing gonr and partial-span split flaps. (See figs. 1,
2, 3, and 4.)

Througlout these tests of stalling characteristics
the gross weight of the airplane was maintained at apprrox-
imately 5184 pounds nné the ceater of gravity was at ap-.
proximately Z1.4 percent of the mean aerodynamic chord.

TACA recording instruments were used to record the
following items:

l. Airspeed.
2, Positions of the rudder, elevators, and ailerons.

3. Angular velocity in roll,
4, Angle of sideslip.
i

5. Normal, longituvdinal, and transverse accelerations.

lzvator force or rudder force (in some cases only).

td

6,

These instruments recorded photographically and were syn-
chronized by means of a timer.

The airspeesd recorder in the Spitfire was calibrated
by flying in formation with another airplane. The airspeed
recorder in the other airplane was calibrated by means. of
a trailing airspeed hcad. The calibration of the pilot'ts
airspced moter is shown in figure 5.

For most of the stall measurements, the angle of side-
s1ip was measured by mesns of a yaw vane attached to a boom
extending a chord length ahead of the left wing tip. In
order to determine whether any orror was introduced by an-
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gularity of local flow at this point,
with yaw vanes attached to both wing tips.

some stalls were made

The true angle
of sideslip of the thrust axis was assumed to be nidway
between tho angles recorded by the two yaw vanes.

Wool tufts attached to the upper surface of the wings
allowed the pilot to observe the development of the .flow
breakdown at the stall,

The variation of elevator angle with control-stick
Position is shown in figure 6 and the variation of aileron
angle with control-stick position is shown in figure 7,

RESULTS AND DISCUSSION

The results of the measurements are presented as time
histories of the control motions and motions of the ‘aire~
Plane in typical stalls made in various conditions of

flight (figs. 8 to 19).

gun ports open

Diagrams of the behavior of the
tufts indicating the progression of the stalled region
across the wing are also shown.

Stalls were made with the
and also with them covered with doped fab—
ric in each of the following condltlons of flight:

Radiator

Manifold | Engine Hood 1 Landing
Condition | pressure | speed | shutter ?:i i:P gear
(in. Hg) | (rpm) | position |POSition POSIBLON A position
Gliding throttle | ---- closed cloged up up
closed
Cruising | 36.9(32 | 2650 flush closed “up up
1b/sq in. '
boost)
Landing throttle | —==w- closed open down down
closed
Landing 21.4(=4 | 2300 open open down ‘dowm
approach | 1b/sq in.
boost)

In each condition,
reducing the airspeed while the wings were held laterally

‘stalls weré made by very gradually



level and the heading was kept constant. In some stalls,
an attempt was made to hold all controls fixed in the po-
sitions required at the first sign of the stall; whereas
in others, the elevator was continuously raised after the
start of the stall in order to keep the speed from in-
creasing, and the other surfaces were moved in an attempt
to maintain control. : o »

The rosults of the measurements in the various flight
conditions arc summarized as follows: :

Stalling characteristics in the gliding condition of
flight.- In the gliding condition with the gun ports cov-
ercd, the airplane showed no tcndency to roll off. Fig-
ure 8 shows a stell in which the controls wecre held approx-
imatcly in the p031tions rcquircd at the first sign of the
stall. At speeds of about 10 miles per hour above the
minimum spced, the tufts at the trailing edge of the left
wing root were observed to reverse .and buffeting was, felt
in the clevator and rudder controls, This buffeting
causcd a fairly violcnt and unmistakable shaking of the.
sirplance, In figurc 8 and the following time nlstorlcs,
the ouffeting is indicated on the figure by an oscillation
of the norwmsl acceleration record., Actually all the in-
strurment records showed vibrations, but it was +hought
unnecessary to indicate this fact on the time histories.
The approtlnate amplitude of the variation in normal ac-
celeration is shown by the plotted curve, but no attempt
has been made to reproduce the frequency of the oscilla-
tion that was recorded. '

At approximately 6 miles per hour above the min;mum
speed, the tufts fluctuated above the entire left side of
the ccnter section and some right aileron motion was need-
ed to maintain trim. A mild pitching and yawing oscilla-
tion dcveloped, but no tendency to roll was observed. In
no casc did the flow ahead of the allerons separate from
the wing surface.

The shaking of the airplane caused some novement of
the controls, in spite of the efforts of the pilot %o hold
them fixed. The uncontrolled stalls may be distinguished
from the controlled stalls by the fact that a large amount
of up clevator was applied during the controlled stalls.,

Figurc 9 shovws a glldlng stall with the. gun ports
covered in which the stick was moved far back after mini-
mnun specd was rcached. Use of the ailerons finally re-
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sulted in the development of a rolling oscillation and the
violcent buffeting cortinued throughout the stall., As in
tho previous stall, the only portions of the wing fron
which the flow secparated were the left side of the center
section and the extreme tips. Lateral and longitudinal
control sufficient to prevent any violent motions were
still available beyond the stall, though there was some
lag in response to the controis.

The cffect of uncovering the gun ports in the gliding
condition is shown in figures 9 and 10. In this case, the
stall progressed. symmetrically outward from each side of
the fuselage nt the wing root; a very mild lateral and
pitching oscillation was observed to accompany the fairly
violcent buffeting., If the stick were held all the way
back, & lateral osclillation would develop which eventually
led to a complete loss of lateral control.

The aileron control after the start of the stall in
the gliding condition was investigated by abruptly de-
flecting the ailerons, The rolling velocities thus ob-
taincd were greater than those occurring for the same ai-
leron decflection above the stall, probadbly becauvsc of the
reduced damping in roll of the stalled portion of the
wing. An interval of about 0.7 second elapsed betwecn the
time the nilerons were deflected and the time maximum rollw-
ing velocity was rcecached., The rolling velocity was al-’
ways in the correct direction. '

In the gliding corndition, as in most othér conditions
of flight, the buffeting preceding the stall served as a
desirable stall warning., The rearward motion of the stick
requircd %o start the stall was small, but a large rear-
-ward motion of the stick could be made without causing
violent motions of the airplane. ‘

Stalling characteristics in the cruising condition of
flight .~ In the cruising condition, there was essentially
no differcnce in the types of stall that occurred with gun
ports opon or covered, as shown on figures 12 and 13. The
wing tips beyond the ailerons stalled first, apparcntly
- becausc the slipstream prevented separation of flow from
the coenter section. Slight buffeting and rearward motion
of the stick startcd about 5 miles per hour above minimun
specd, thougk the tufts at the center scetion did not re-
versc, A considerable amount of left sideslip was ncces~
sary to hold the wings level near the stall,  This sideslip
did not occur in the power-off condition., When the mirinun
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speed was reached, both wings stalled almost simultancously,
and a reletively mild right roll occurred. The pilot noted
thnt the elevator was rather ineffective in pitching the
airplane down after the stall. ' '

Figures 12 and 13 show that the rolling velocity was
not checked until approzimately one-half second had elapsed
after the application of dowan clevator. This time inter-
val is longer than has becen measured in tests on other
airplancs.

Stalling charncteristics in the landing condition of
flight.- A time history of a stall in the landing condi-
tion is shown on figure 14. The dcvelopment of the stall
was thc scome with gun ports opcn or covercd. At a spced
of about 10 niles per hour above the minimum speed, the
tufts reversed in a rocgion on the left side of the center
scetion ncer the locading cdge, but the tufts at the trail-
ing cdgo did not rovcrse.

Buffoting sct in when this scparation took placec.
Figure 14 shows thnt o lateral and pitching oscillation of
increasing amplitude developed if the controls were held
fixed, With elevator full up, however, some neasure of
lateral control could be maintained by means of the rud-
der and aillerors.

Stalling charncteristics in the landing approach
condition of flight.-~ During actual lending-glide ap-
proaches with the Spitfire, control of the angle of attack
was morce difficult than in some other pursult airplanes
bscause of its lack of longitudinal stabdility. The unmis-
tak~ble stell werning in the form of buffeting and the ex-
tremely umild stall itself, howcver, permitted the pilot
to make teil-first landings without difficulty. A notice-
ablc stall flow broeakdown did occur, which could be feltd
as air blrsts on thoe left side of the pilot's face, Just
at the thrcc-voint contact. The Spitfire did not exhibdis
any markcd rolling or yawing tendencics cither at contact
or in thc landing run.

In the landing-approach condition, with gun ports
covercd, thec stall was similar to that in the landing
condition, with the cxception that considerable rudder and
ailoron deflections were required to maintain trim near
minimum spced. Figure 15 shows the time history of a
stall in this condition,

.
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Wita gun perts open, the flow separated from the out-
board wing panels before the center section stalled. Fig-
ure 16 shows that control was maintained in this condition
for several seconds after the stall, but a mild rizgkt roll
eventually occurred.

MAXIMUHM LIFPT CO FFICIZYTS FOR VARIOUS FLIGHT CONDITIOXNS

The uexinunm 1ift coefficients as measured in various
conditions of flight are shown in the accompanying tabdble,

i fi ) ! . H
! 1 Gun ports Gun ports
i covered opcn
| .
o = g e o o
g 8, s B R A o
- G ¥ lz s g g
e} e} Q . il g e ] 3>
o] o &~ © w0 4y [£2 3 = 1} G+
+ o+ o W l [ =] Tl = Ll
ol o jas] (=78 T | Lo B NES —i 42
Ui w =] &) [0} S @ o
[} o —~ e 4+ 3 g ¢ + 73 g [0}
o o o ) g ol 3 % 0 S o
oot i [SEN 6] 8 O Q @ o O
oy 4 o s o ot Dy et o -~ Oy Pl
. W |93 =] g) g » ﬁ,t"' g w fé -
Condition e > & I [ 2 G 3
i
Gliding up up |{throttle | —--- 90 11.12 o1 1.15
closed
Cruising | up | up |36.9 (2% | 2650 | 77 [1.63 || 76 | 1.68
1b/sq in. ' : :
boost)
Landing down!down| throttle | —e——- 80 [1.51 81 1,46
closed
Landing down, down{21.4 (-4 | 2300 69 [1.99 75 1,72
approach 1b/sq in.
boost)
Take~off up |down!4Z.9 (7 2850 80 |1.49 - ———
1b/sq in.
boost)
Climbing | up | up |43.9 (7 [2850 | 76 |1.64 RO
1b/sq in,
'b oash )




The maxinuwn l1ift coefficients obtained are consider-
atly lower than normal. Apparently the desirable stall
warning is obtained at the expense of high mazimum 1ift,

STALLING CHARACTERISTICS I MANWNEUVERS

The stell warning possesscd by the Spitfire was espe-
cially beneficial in allowing the pilot to reach maxirmum
1if% coefficiznt in accelerated maneuvers. Because of the
neutral static stability of this airplane, the pilot ob-
tained no irdication of the 1ift coefficient from the mo-
tion of the control stick., Nzvertheless, he was adble to
pull rapidly to maximum lift coefficient in a turn without
danger of inadvertent stalling.

Figure 17 shows a time history of a 180° turn in
which the stall was reached. The stall in accelerated ma-
neuvers was very similar to that in the glidiang condition.
With sun ports closed, the pilot was able to pull the
etick far back without losing control or interruptiang the
tura., The airplanc %terded to pitch down when stalled and
to rscover by itself if the stick were not pulled back,

It would be possible for a pilot pursuing an encmy in a
turn to bring his sights on him momentarily by pitching
beyond the stall without fear of rolling instability.

¥ith gun ports open, a right roll occurred if more
than about 10° up elevator were applied. This reaction
caused the ~irplene to roll out of a left run and into a
righ% tura. Time histories of these maneuvers are shown
on figures 12 and 19. In spite of the lateral instabil-
ity that occurred in turns with gun ports open, the pilot
was able to approsch maximum 1ift coefficient closely be-
cause of %une desirable stall warning. The maximum 1ift
coefficient renched in surns from level flight with flaps
up was 1.22. The airplane could be flown Dbeyond the stall
at cven lower 1ift coefficients. h

This valuc of maximum 1ift coefficient is closer ‘to
that reached from stalls in straight flight with power
off than the value renched with power on because the slip-
strcam offccts in hign-specd turns are rclatively small.
The low valuc of the maximum 1ift coefficient offsots, to
some oxtont, the benefit gained by the Spitfire from its
low wing loading in making turns of small radius. Good
stall-warning characteristics appear to be essential on



an airplane with nsutral static stadbility. In airplancs
tested preovionsly, which had ncutral static stability and
poor stall warning, inadvertent stalling in rapid mancu-
vers was practically wnavoidable. The stalling charactor-
istics of the Spitfire arc thorefore its redeeming feature,
It would be desirable, however, to obtain these character-
istics without sacrificing a high value of the nmaxinmum

1lift coeificient.

COICLUSIONS

The Supernarine Spitfire airplane possessed stalling
characteristics essontially in compliance witn the re-
guircments for satliafactory stalling charancteristics given
in rcfercuce 1., Thoese chnractoristics may be summarigzed
as follows:

1, Warning of the complete stall was provided by the
occurrencc cf duffeting that sct in at speeds several miles
per hour above the airimum spsed and by the rearward move-
ment that could be mnde with the stick after the start of
the stall flow breakdown without caumsing violent motions
of the airplane,

20 Stall recovery couvld be made by application of
down elevator, although the recovery from a roll was some-
wvhat glower than has been measured on some previously
testel nirplanes,

3, The airplane exhibited no dangerous ground-looping
tendencies in landing. Tail-first landings could be read-
ily wade without the occurrence of either lateral or direc=-
tionnl instability due to stalling.

Tho =irplanc possesscd somc unusual characteristics
in s%alls that are not requircd in refercnce 1., The mo-
tion beyond tho stall was not violent ahd an unusual
anmount of lateral control wers available in many flight
conditions, even when full up clevator was applied. The
good stalling characteristics allowed the airplane to be
pulled ra»idly to maximum 1ift coefficient in accelerated
maneuvers in spitc of its neutral static longitudinal
stability.

The maximum 1ift coefrficients available in mancuvers
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with flap up and in all conditions of flight tested wero
coagiderably lower than arc normally reached by airplanes
0f sinilar tync. '

Langlcy Hemorial Acronautical Laboratory,
Fational Advisory Committee for Aeronautics,
Lengley Pieclda, Va,

REFERENCE

1. Gilruth, ®. R.: Reguirements for Satisfactory Flying
Qualities of Airplsnes. NACA A.C.R., April 1941.
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WACA

Figs. 1,2,3

Figure 3.- Front view of the Supermarine Spitfire airplane.
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Figure 3.- Three-quarter rear view of the Supermarine airplane.
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. Pigure 13. = Time history of a stall in the crulsing condition with erts open,
Note similsrit{ to stall with gun ports closed (fig. %‘{?.p LR, OpeRs.
Supermarine Spitfire airplane.
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Figure 1}, = Time history of a stall in the landing condition with gun ports covered.
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Pigure 15. - Time history of a stall in the landing- pproach condition with gun

ports covered.

Supermarine Spitfire airplane,
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Pigure 16. - Time history of a stall in the landing approach condition with gun
ports open,

Note slight right roll, Supermarine Spitfire airplane.
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Figure 18, -~ Time history of a rapld turn to the left started from level flight
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Pigure 19. - Time history of a rapid turn to t
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